A reversed phase liquid chromatography-DAD method is proposed for analysis of major non-flavonoid phenolic compounds in wines. The method employed a mixture of acetic acid, water and methanol as eluents and was used to evaluate the impact of malolactic fermentation in low molecular phenolic compounds.
Introduction
The importance of phenolic compounds in wine is very well established due to their influence in colour, flavour and astringency [1, 2] . Non-flavonoid compounds include benzoic, cinnamic acids and aldehydes, usually named low molecular weight phenols. Although being present in small amounts in wines they play an important role in sensory quality and may contribute, through an additive effect, to bitterness and harshness, specially cinnamic acids [3] .
There are two main groups of phenolic acids: hydroxybenzoic acids and hydroxycinnamic acids. Hydroxybenzoic acids (C6-C1) have a general structure derived from benzoic acid and they differ according to hydroxylation and methoxylation of the aromatic ring.
Hydroxycinnamic acids (C6-C3) derive from cinnamic acid. Both groups are commonly present in grapes and wines, sometimes in the form of tartaric acid esters [4] .
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a number of microbiological species, into ethyl-phenols considered as off-flavours [5] . Cinnamic acids are also involved in co-pigmentation process with anthocyanins, which affect the colour of red wines [6] .
They are usually esterified with tartaric acid as hydroxycinamic tartaric esther known as caftaric acid, fertaric acid and coutaric acid. The yeast Dekkera bruxellensis is mainly responsible for p-coumaric and ferulic acid decarboxylation and reduction to 4-ethylphenol and 4-ethylguaiacol, although other microorganisms, like lactic acid bacteria, also appear to be able to undertake this pathway. The capacity of lactic acid bacteria to produce volatile phenols from ferulic acid was observed to be much lower than its capacity to produce volatile phenols from pcoumaric acid [7] . Recently 4-ethylcathecol was found in wine, this compound is expected to result from the decarboxylation and reduction of caffeic acid (data not published) Sinapic acid, that exists in small amounts in wines, can lead to 4-ethyl syringol but this compound is not considered to be sensorially relevant [8] .
Malolactic fermentation (MLF), the enzymatic decarboxylation of l-malic to l-lactic acid and CO 2 , is an important secondary fermentation carried out by lactic acid bacteria (LAB) during the vinification of red wines. In addition to the deacidification, the MLf is considered to contribute to complexity of RT ± S.D.: retention time ± estimated standard deviation (n = 3); λ (nm): quantification wavelength; r 2 : determination coefficient.
the flavour and to confer a degree of microbiological stability to the wine. Aiming to improve also organoleptic properties such as colour stability and smoothness, winemakers have introduced different ways to perform this fermentation including the addition of commercial lactic bacteria or the use of oak barrels. Spontaneous MLF commonly occurs after alcoholic fermentation when wine conditions are favourable for the growth of lactic acid bacteria, however spontaneous MLF is unpredictable, hence the importance of using commercial starters. Regarding low molecular weight phenolic compounds it is known that some phenolic acids can inhibit the growth of lactic acid bacteria [9] while others can stimulate malolactic fermentation carried out by Oenococus oeni [10] [11] [12] . During this process hydroxycinnamic acids and their derivatives are the main compounds modified. The decrease in the concentration of trans-caftaric and trans-p-coutaric acids until disappearance, along with an increase in the corresponding free forms, transcaffeic and trans-p-coumaric acids could be linked to lactic acid bacteria metabolism [13] .
Various different chromatographic methods have been employed for the separation of low molecular weight phenolic compounds in wines. Wine sample analysis can be performed by direct injection [14] or include a sample preparation step like liquid-liquid [13, [15] [16] [17] or solid phase extraction [18] [19] [20] [21] . A new solid supported liquid-liquid extraction using diatomaceous earth has been recently proposed, being an environmentally friendly low-cost sample preparation method which proved to be reproducible and yielding high recoveries [22] .
For separation almost every methods use a reversed phase C18 column with a binary solvent system, a combination of acetic [23, 24] or formic acid [15, 17] with a dilute polar organic solvent as acetonitrile [23, 24] or methanol [15, 17, 21] . Detection is usually achieved using UV-vis or DAD detectors, and occasionally using mass detection methods [25] that lead to a more reliable compound identification. Very rarely fluorescence detection is used [26] .
Analysis times are usually long, reaching 100 min or more, thus limiting the number of analyses that can be carried out in a given period. We propose a chromatographic method that in 46 min provides good separartion of the 11 compounds being studiedensuring high resolution (R > 1, 5 for almost compounds studied). When applied to red wine samples obtained before and after malolactic fermentation it has allowed the understanding of the effect of malolactic fermentation on low molecular weight phenolic compounds.
Experimental

Samples
Red grapes of Vitis vinifera L.,c.v. Trincadeira were picked up during 2004 harvest at commercial maturity. Three sets of microvinifications, with three replications, were done according to the scheme presented in Fig. 1 . After crushing and destemming, grapes and musts were placed in stainless steel containers of 80 L capacity occupying only 50 L, treated with sulfur dioxide (150 mg/L SO 2 ), inoculated with active dry yeast (Fermol A3B, AEB, Brescia, Italy) and nutrients Fermoplus Ecorcell (AEB, Brescia, Italy) according to manufacturer's instructions. The first set (D1, D2 and D3) suffered no other treatment, to the second set (D4, D5 and D6) lysozyme (lysocid) was added and to the third set (D6, D7 and D8) a pectolitic enzyme (Endozym Rouge) was added. The fermenting musts were punched down twice a day, and were pressed after 7 days of pomace contact, when specific gravity fell under 1000. Both press and free run wines were assembled, and at this point, each vinification tank was split in three to allow malolactic fermentation to undergo spontaneously (control, no inoculation of lactic bacteria) or carried out by two different commercial preparations of lactic acid bacteria, Biolact Acclimatée (BL1) and Biolact Acclimatée 4R (BL2). All enological products were from AEB (Brescia, Italy) and were added as recommended by suppliers. We obtained a total of 27 wines.
Reagents and standards
The water employed was previously purified in a Mili-Q system (Millipore, Bedford,MA). HPLC grade methanol was from MercK (Darmstadt, Germany). Phenolic compounds: gallic acid, gentisic acid, protocatechuic acid, protocatechuic aldehyde, (+)-catechin, syringic acid, vanillic acid and ferulic acid were supplied by extrasynthese (Genay, France). Caffeic acid and p-coumaric acid were from Sigma-Aldrich (St. Louis, MO).
Phenolic compound's extraction
A liquid-liquid extraction was performed: 5 mL of wine with pH adjusted to 2 were extracted twice with 5 mL of diethyl ether for ten minutes. The organic phase was dried over Na 2 SO 4 , the solvent was evaporated under nitrogen, the dry residue obtained was dissolved in methanol-water (1:1, v/v) and filtered through a 0.45 m Nylaflo membrane filter (Gelman) before being injected into the chromatograph. All samples were extracted in duplicate and results are expressed as the mean value.
A recovery study on the liquid-liquid extraction was performed using a spiked wine sample. In order to provide information that allows us a better discussion on the results obtained. Recovery percentages found were-gallic acid: 60%; protocatechuic acid: 45%; protocatechuic aldehyde: 37%; vanillic acid: 33%; caffeic acid: 36%; syringic acid: 54%; p-coumaric acid: 37%; ferulic acid: 33%.
Malovaná et al. [16] evaluate SPE and LLE for the analysis of several wine phenolic compounds, and the list of the compounds studied now is very similar to that studied before. Ethyl acetate and diethyl ether were reportedly used to extract the wine samples and, although the results obtained with both solvents were very similar, diethyl ether yields were slightly better.
Instrumentation and conditions
Twenty microlitres of each extract were separated on a Superpher ® 100, C18 (5 m packing, 250 mm × 4.6 mm i.d.) (Merck, Germany) column using a Hewllet Packard 1050 equipment with a Hewllet Packard Diode Array 1100 detector.
Flow rate was 1 mL/min. The mobile phase was-solvent A: water:acetic acid (98:2, v/v), solvent B: water:methanol:acetic acid (68:30:2, v/v), and solvent C: methanol for column wash at the end of each day. A gradient program was adopted as follows for solvent A: from 95% to 70% (12 min); from 70% to 45% (15 min); from 45% to 23% (6 min); isocratic for 9 min; from 23% to 5% (5 min); from 5% to 0% (3 min); isocratic for 5 min, and a post-run of 5 min for re-equilibration of the initial gradient.
The detection wavelengths were 280, 254, and 320 nm and the UV-vis spectra (scanning from 190 to 400 nm) were recorded for all peaks.
Phenolic compounds were identified by comparison of elution order, retention times and the spectral UV-vis with those of standards and quantified by the external standard method (Table 1) .
Caftaric, coutaric and fertaric acids were isolated from wine according to [27] to help identification by comparison with spectral UV-vis, and were quantified as their corresponding free forms.
Malic and lactic acid determination
Malolactic fermentation was followed through the determination of malic and lactic acid in deposits 1, 2 and 3, according to the methodology previously reported [28] 
Statistical analysis
Differences in phenolic compounds present in wine before and after FML realized under different conditions (C, B1 and B2) were assessed by one-way analysis of variance (ANOVA); mean comparisons were performed using Fischer's multiple comparison test at the 95% confidence level. Analyses were accomplished using NCSS 6.0 software.
Results and discussion
Malic acid consumption in deposits 1, 2 and 3 (control) is shown in Fig. 2 . The graphics show that during the sampling period the malic acid content drops below the method's detection limit, regardless the inoculation or not (control) of lactic bacteria (B1 and B2). The disappearance of malic acid seems to be more related to each wine characteristics (from deposits 1, 2 or 3) then with the addition or not of a lactic bacteria. Regardless the addition or not of lactic bacterias, the content of malic acid begins to disappear first in wine from deposit 3 than in wine from deposit 1 and last in wines from deposit 2. Fig. 3 illustrates the chromatogram obtained from a red wine sample before malolactic fermentation and Fig. 4 presents the chromatogram of a sample after malolactic fermentation. Tables 2-4 show the content of phenolic compounds in wine samples collected before and after malolactic fermentation, from the control set, the set treated with lysozyme and the set treated with pectolytic enzyme. If results from deposit 2 are ignored, most marked changes observed in all other samples before and after malolactic fermentation involve the tartaric esters of hydroxycinnamic acids and their derivatives. The concentration of tartaric esters of hydroxycinnamic acids seems to drop until almost total disappearance. This results in a rise of the corresponding free forms, caffeic, p-coumaric and ferulic acids. Similar results were already described [13] . In all wines under study, the content of non-coloured phenolic compounds in samples before malolactic fermentation ranges from 18.40 to 23.53 mg/L after malolactic fermentation. The difference is mainly due to changes in content of tartaric esters of hydroxycinnamic and the corresponding free forms. In samples before malolactic fermentation mean value of caftaric, coutaric and fertaric acids is 5.33 mg/L and after malolactic fermentation this values drops to a mean value of 0.46 mg/L. Again considering all samples the mean value for caffeic, p-coumaric and ferulic acids ranges from 0.98 to 10.24 mg/L before and after malolactic fermentation. These values also seems to indicate that there is additional sources of caffeic, p-coumaric and ferulic acids in wines, that probably came from the hydrolysis of cinnamoyl-glucoside anthocyanins as well as from other hidroxycinnamics derivates by lactic bacteria enzymatic activity [13] . It was not observed any impact on these compounds by the use of the enzyme or the lysosyme.
In all samples studied, caffeic acid is the most abundant free form of cinnamic acid. The importance of this free acid in red wine is the possibility of its conversion into volatile phenols such as 4-ethylphenol and 4-ethylguaiacol, from p-coumaric acid and from ferulic acid, that have a huge negative impact on wine aroma.
Gallic acid content also increases with malolactic fermentation in all wines, while protocatechuic aldehyde content decreases. The contents of vanillic, syringic and protocatechuic acids remains almost the same after malolactic fermentation.
The differences observed in deposit 2 seem to be related with the slower disappearance of malic acid also observed in this deposit, regardless the inoculation or not wit lactic bacteria, as shown in Fig. 2 . Although it is not easy to explain the different behaviour of deposit 2, results obtained seem to indicate that the degradation of hydroxycinnamic acids is preceded by malic acid degradation. This is a very interesting result as it can indicate that measuring the malic acid conversion into lactic acid may be insufficient data to conclude about the end of malolactic fermentation.
Quantitatively there is no significant difference between wines regarding the use of different lactic bacteria. The use of lysozyme had no influence on malolactic fermentation or in the content of the compounds studied, probably from the fact that the enzyme was added at the beginning of alcoholic fermentation instead of at the end of it. Some authors have observed some changes in the content of phenolic aldehydes and acids [21] or total polyphenols [29] by the use of commercial pectolitic enzymes. In this study any significant changes were observed in wines fermented in the presence of the commercial enzyme, except for caffeic acid that showed higher concentration values in these wines before malolactic fermentation. This could be related with the phenol esterase side activity present in this enzyme [30] . Syringic acid content did not increase in wines treated with the enzyme. Again it can be related to side activity of the commercial enzyme used, in this case, the lack of ␤-glucosidase activity, as it is known that syringic acid arises from B-ring of malvidin-3-glucoside upon its degradation [31] . Vanillic and siringic acids content are very similar in all wines because their presence in wines is not related to yeast metabolism but to the extraction from solid parts of grapes by alcohol and depends on the alcohol content [32] that in this wines were the same.
Conclusions
The obtained data show that hydroxycinnamic acids and their derivatives were the main compounds modified by malolactic fermentation, independently of the use or not of commercial lactic bacterias. In fact it seems clear that the decrease in concentration of caftaric, coutaric and fertaric acids, and the increase in concentration of caffeic, p-coumaric and ferulic acids are linked to lactic acid bacteria metabolism, as previously stated by Hernández and co-workers [33] that have shown that transcaftaric and trans-coutaric acids are substrates of lactic acid bacteria witch can exhibit cinnamoyl esterase activities during malolactic fermentation, increasing the concentration of hydroxycinnamic acids.
Results also seem to indicate that the use of lysozyme in grapes, prior to alcoholic fermentation have no effect on malolactic fermentation development. Also the enzyme used in this work had no significant impact on non-coloured phenolic composition of these red wines.
